The pocket gopher Orthogeomys lanius (Elliot, 1905) , unknown to science since the first 2 specimens were captured in 1904, is rediscovered in the mountains south and east of Pico de Orizaba in Veracruz, Mexico. Mitochondrial DNA extracted from the skin of the 109-year-old paratype specimen is nearly identical (0.3% cytochrome-b divergence) to that extracted from 2 newly captured specimens. Phylogenetic analyses of the complete cytochrome-b gene and 2 nuclear genes show O. lanius to be sister to the geographically widespread species O. hispidus. O. lanius has a diploid number of 44 and a fundamental number of 84, and the species is easily distinguished from O. hispidus by its larger size and dense, woolly pelage. Our observations suggest that O. lanius is reasonably abundant in a roughly 1,000-km 2 region of central Veracruz, where it persists in forested refugia often too steep and rugged for cultivation by humans.
Prior to this study, Orthogeomys lanius (the big pocket gopher or tuza de Xuchil) was known from 2 specimens collected by Edmund Heller and Charles M. Barber more than a century ago at Xuchil, Veracruz, Mexico (Elliot 1905) . ''Xuchil'' (also ''Súchil,'' ''Xochi,'' and ''Xuchitl'') is a corrupt spelling of the Aztec word Xochitl (flower), and several small villages in the state of Veracruz bear some version of this name. As a result, the location of the type locality of O. lanius has been mired in confusion since 1905, and neither Heller's nor Barber's field notes are available to clarify the location of Xuchil. The Field Museum of Natural History (FMNH; where the holotype and paratype specimens of O. lanius are housed) places the type locality at 18.7598N, 96.8218W, near the present-day town of Xuchiles, Veracruz, at 470 m elevation (lower right-hand corner of Fig. 1 ). In contrast, the International Union for the Conservation of Nature (IUCN, 2013) places the center of suspected distribution of O. lanius approximately 60 km northwest of Xuchiles at an elevation of approximately 2,100 m, and the Global Biodiversity Information Facility (GBIF; http://www.gbif.org) and the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO; Mexican National Commission for the Knowledge and Use of Biodiversity; http://www. conabio.gob.mex) place the type locality approximately 50 km north of Xuchiles at an elevation of approximately 1,100 m (near the top of Fig. 1 ). Finally, Ceballos and Oliva (2005) provide no geographic coordinates but report that O. lanius is known only from perennial tropical forests at an elevation of 1,300 m. Russell (1968) considered O. lanius and O. hispidus to be sister species in the subgenus Heterogeomys. Hall (1981:512) suggested that O. lanius might instead represent only a subspecies of O. hispidus (Patton 2005) . In his original description, Elliot (1905) distinguished O. lanius from O. hispidus based on its larger size and soft, woolly pelage (instead of the ''hispid'' or coarse [and generally short and sparse] pelage of O. hispidus). Size has been demonstrated to be a particularly plastic character in pocket gophers (e.g., Patton and Brylski 1987; Hafner et al. 2008) , and populations of pocket gophers living in warm habitats at lower elevations often have shorter and sparser pelage than closely related conspecific populations living in cooler habitats at higher elevations (M. S. Hafner and D. J. Hafner, pers. obs.) . As a result, it may be misleading to diagnose species of pocket gophers based solely on body size and pelage characteristics.
In late May and early June of 2013, MSH, DJH, and EEG were surveying pocket gophers in the mountains of Veracruz near Pico de Orizaba when we captured 2 large (approximately 900 g) specimens of pocket gophers (Colección Nacional de Mamíferos [CNMA] 46463 and 46483) at localities 1 and 2 in Fig. 1 . These localities were 30-50 km away from any of the O. lanius localities listed by the FMNH, IUCN, or CONABIO, and they were approximately 2,000 m above the elevation of the type locality of O. lanius listed in FMNH records. Based on our prior experience with variation in size and pelage within species of pocket gophers, we initially identified our specimens as O. hispidus, a species known from lower elevations only 20 km away from 1 of our capture sites (just south of the town of Orizaba in Fig. 1) .
To verify the species identity of our specimens of Orthogeomys, we karyotyped 1 specimen (CNMA 46463) in the field, and when we returned to the laboratory we compared its diploid number (2n) and fundamental number (FN) to those of other species of Orthogeomys. We also compared DNA sequences from our specimens to sequences obtained from known specimens of O. hispidus, sequences from specimens representing other species of Orthogeomys, as well as DNA extracted from the 109-year-old study skin of 1 of the 2 original specimens of O. lanius.
MATERIALS AND METHODS
Sampling, karyotyping, and sequencing.-Two specimens of Orthogeomys sp. (CNMA 46463 and 46483) were captured at the localities indicated in Fig. 1 (and listed in Appendix I) on 29 May and 3 June 2013, respectively. Specimens were collected under authority of Mexican Scientific Collecting Permit FAUT-0002 issued to FAC using trapping methods approved by the American Society of Mammalogists (Sikes et al. 2011) . Specimen CNMA 46463 was karyotyped in the field using the postmortem technique developed by Hafner and Sandquist (1989) , and vouchers were prepared as skin-plusskeleton specimens (Hafner et al. 1984 ) and deposited in CNMA.
FIG. 1.-Map of study area in central Veracruz, Mexico. Circled numbers indicate collecting localities for all ingroup taxa included in this study. Placement of the type (and only known) locality of Orthogeomys lanius based on records in the Field Museum of Natural History, or by the International Union for the Conservation of Nature (IUCN) Red List, the Global Biodiversity Information Facility (GBIF), or the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO, Mexico) are almost certainly incorrect (see text).
The DNA sequences from the 2 specimens of Orthogeomys sp. were compared to sequences from 5 specimens of O. hispidus (subgenus Heterogeomys) selected to represent the entire geographic range of the species (northern Mexico to Honduras; Appendix I), 1 specimen each of O. dariensis and O. heterodus (subgenus Macrogeomys), and 2 specimens of O. grandis (subgenus Orthogeomys). Collecting localities for these specimens are mapped in Figure 1 (inset) . In addition, DNA was extracted from the study skin of the paratype of O. lanius (FMNH 13836) . One specimen each of Thomomys bulbivorus and Geomys breviceps were included in the analysis as outgroups. Voucher numbers and localities for all specimens are listed in Appendix I.
For specimens with fresh tissues, DNA sequences were obtained for the entire mitochondrial cytochrome-b (Cytb) gene (1,140 base pairs [bp]) using DNA amplification protocols, sequencing protocols, primers, and annealing temperatures listed in Mathis et al. (2013) . DNA was extracted from a skin clip obtained from the museum study skin of FMNH 13836 (collected in June 1904) and amplified for 2 short (, 200-bp) fragments of Cytb. Amplification protocol, sequencing protocol, and primer information for this portion of the analysis are available in Demastes et al. (2003) . All handling of DNA from the study skin and fresh tissues was done in separate laboratories.
The DNA sequences also were obtained from 2 nuclear genes for all specimens with fresh tissues. A portion of the nuclear b-fibrinogen (bfib) gene consisting of 397 bp of intron 7 and 32 bp of exon 8 was amplified using 0.025-lM concentrations of primers FIB-B17L (Prychitko and Moore 1997) and R2 ) in reactions with 1 3 GoTaq Hot Start PCR Master Mix (Promega Corporation, Madison, Wisconsin). Thermal cycles consisted of an initial denaturing step at 958C (2 min), followed by 40 cycles of 958C (1 min), 508C (45 s), and 728C (1 min), and a final extension at 728C (10 min). An 835-bp portion of exon 1 of the nuclear interphotoreceptor retinoid-binding protein (IRBP) was amplified using 0.04-lM concentrations of primers 119A (Jansa and Voss 2000) and 1297D (Stanhope et al. 1992; Jansa and Voss 2000) in reactions with 1 3 GoTaq Hot Start PCR Master Mix. Thermal cycles consisted of an initial denaturing step at 958C (2 min), followed by 40 cycles of 958C (45 s), 608C (45 s), and 728C (45 s), and a final extension at 728C (10 min). Polymerase chain reaction products were prepared for sequencing using Exosap-IT (USB, Cleveland, Ohio), and sequencing reactions for both nuclear genes were performed using each of their respective amplification primers at the Iowa State University DNA Facility on an Applied Biosystems 3730xl DNA Analyzer (Applied Biosystems, Foster City, California). All DNA sequences used in this study are deposited in GenBank (accession numbers listed in Appendix I), and sequence alignments and phylogenetic trees are deposited in TreeBASE (Sanderson et al. 1994) .
Phylogenetic analyses.-Sequences were aligned in Geneious 6.1.2 (Drummond et al. 2011 ) and alignments were verified visually. As a simple measure of genetic divergence, Kimura 2-parameter (K2P-Kimura 1980) genetic distances were calculated for Cytb data in MEGA 5.2.1 (Tamura et al. 2011) . We evaluated the most appropriate models for each gene in MEGA 5.2.1 (Tamura et al. 2011 ) using the Bayesian information criterion (Schwarz 1978) . The most appropriate models were then employed in maximum-likelihood (ML) analyses using MEGA 5.2.1 (Tamura et al. 2011) as follows:
, and combined nuclear genes (K2P- Kimura 1980) . Bootstrap (bs) resampling was carried out for 1,000 replicates.
Bayesian inference (BI) analyses of individual genes were performed using MRBAYES 3.2.1 (Huelsenbeck and Ronquist 2001) in Geneious 6.1.2, with 4 heated chains (temperature ¼ 0.2) sampled every 200 generations for a length of 10 6 and burnin of 10 5 . Run quality was considered adequate when effectivesample-size values were . 200, likelihood values reached stationarity, and standard deviations of split frequencies were , 0.01 (Ronquist et al. 2011) . The individual gene models listed above were used, except that the HKY85 and HKY85 þ G models were substituted for the methodologically similar TN and TN þ G models, where appropriate. Clade support was assessed using Bayesian posterior probabilities (pp).
In the phylogenetic analyses (BI and ML) of concatenated sequences for all 3 genes, the partitioning scheme was selected using PartitionFinder (Lanfear et al. 2012) , resulting in 2 data partitions, 1 containing the mitochondrial DNA sequences and the other containing the combined nuclear sequences. Partitioned ML analysis of concatenated data was implemented in RaxML 7.3.0 (Stamatakis 2006) via the CIPRES Gateway (Miller et al. 2010 ) using separate GTR þ G models for the 2 data partitions, and 1,000 bs replicates were analyzed using the GTRCAT model to determine nodal support. The BI analysis of concatenated data was performed and run-quality assessed as for individual genes, except that the GTR þ G model was used for Cytb data and the K2P model was used for nuclear data (as determined by individual gene analyses), and BI run length was increased to 11 3 10 6 generations. Morphometric analyses.-Twelve cranial characters (following Hafner et al. 2005) were measured on 217 O. hispidus (69 males, 137 females, and 11 unrecorded sex) and 4 O. lanius (4 females) to the nearest 0.05 mm using handheld digital calipers: cranial width (CW), diastema length (DIA), width of interorbital constriction (IOC), mastoid breadth (MB), length of maxillary toothrow (MTR), nasal length (NL), occipital-nasal length (ONL), occipital-incisor length (OIL), rostral width (RW), zygomatic breadth (ZB), occlusal length of upper molars 1 and 2 (LM12), and occlusal length of upper molar 3 (LM3). Specimens were judged to be adult based on fusion of the exoccipital-supraoccipital and basioccipitalbasisphenoid sutures (Daly and Patton 1986) ). All cranial variables for O. hispidus except IOC, MB, and dental characters (MTR, LM12, and LM3) showed significant secondary sexual dimorphism (P , 0.05) based on unpaired t-tests; sex ratio for our sample of O. hispidus was 1:2 (male : female).
Morphometric analyses were performed on the samples (X ¼ 12.5, range ¼ 1-27) representing 11 of 12 recognized subspecies of O. hispidus (except O. h. hondurensis), and all 4 known specimens of O. lanius, including the holotype, paratype, and the 2 new specimens captured at localities 1 and 2 (Fig. 1) . Statistical analyses of the morphometric data were conducted using SYSTAT 7.0 (Systat Software, Chicago, Illinois). Data were assessed for normality and examined for extreme outliers, which were removed from further analyses. Data were transformed (X ¼ 0, SD ¼ 1) and a multivariate analysis of variance (MANOVA) was used to test the null hypothesis of no significant difference between a priori groups. A post hoc analysis of the MANOVA was assessed with Tukey's honestly significant difference test. A principal component analysis (PCA) was performed to reduce the 12 variables and explore the dimensionality of the data. Discriminant function analyses (DFAs) were performed to predict group membership and evaluate if individuals could be correctly assigned to their a priori groups. Fig. 1 ) follow species names, and subgenera of Orthogeomys (Russell 1968), originally described as genera by Merriam (1895) , are shown at the right. B) Relationships
RESULTS
Chromosomal analysis.-The karyotyped specimen of Orthogeomys sp. (CNMA 46463, female) from Veracruz, Mexico, has a diploid number of 2n ¼ 44 and a fundamental number of FN ¼ 84 (all biarmed chromosomes [ Fig. 2]) . We have tentatively identified the largest pair of metacentric chromosomes as the X chromosomes (as seen in many other geomyid species), and the Y chromosome is unknown. The autosomal complement includes 5 pairs of large metacentrics, 5 pairs of medium-sized metacentrics, 4 pairs of small metacentrics, 5 pairs of medium-sized submetacentrics, and 2 pairs of medium-small subtelocentrics.
Levels of genetic divergence.-The 359-bp Cytb sequence obtained from the 109-year-old paratype of O. lanius (FMNH 13836) differed by only a single base substitution (a transition) from homologous sequences obtained from the 2 newly captured specimens of Orthogeomys (CNMA 46463 and 46483), yielding a K2P distance of 0.3%. In contrast, the 109-year-old sample showed 5.9-6.8% sequence divergence (20-23 substitutions) from the 5 specimens of O. hispidus included in the analysis. Genetic divergence calculations based on the entire Cytb gene (Table 1) showed 0.3% genetic divergence (2 transitions and 1 transversion) between the 2 newly captured specimens (CNMA 46463 and 46483) and 7.2-8.3% divergence between these specimens and the 5 specimens of O. hispidus included in the analysis. Divergence values among the 5 specimens of O. hispidus ranged from 0.8% to 3.5% (Table 1) .
Phylogenetic analyses.-When the Cytb sequences of all specimens included in the analysis were trimmed to 359 bp and subjected to an ML analysis, the resulting tree (Fig. 3A) showed the paratype specimen to be sister to the 2 specimens of Orthogeomys sp. (localities 1 and 2) with 99% bs support. This trio of specimens was sister to a monophyletic clade composed of the 5 specimens of O. hispidus, although bs support for this sister relationship was weak (72%; Fig. 3A) .
The ML analysis of the entire Cytb gene (excluding the paratype specimen, for which we had only 359 bp) showed high bs support for monophyly of O. hispidus (100% [Fig. 3B] ) and, as before, showed the 2 new specimens of Orthogeomys from localities 1 and 2 to be sister to the O. hispidus clade (99% bs support). Bayesian analysis of the entire Cytb gene yielded a tree (not shown) with the same topology as the ML tree ( Fig. 3B ) and pp support values ! 0.99 for all nodes that show high bs support in Fig. 3B .
Partitioned ML and Bayesian analyses of the combined mitochondrial and nuclear sequences generated identical trees ( Fig. 3C ) with strong support (bs ! 99 and pp ! 0.99) for all major nodes of the tree except for the node defining the genus Orthogeomys, which received only moderate support in the ML analysis (bs ¼ 86 and pp ¼ 1.0). ML and Bayesian analyses of the bfib sequences alone showed moderate-to-strong support (bs . 85% and pp . 0.95) for 5 of the 7 major nodes in the tree (open circles in Fig. 3C ). Similar analyses of the IRBP sequences showed moderate-to-strong support for 4 of the 7 major nodes (shaded circles in Fig. 3C ), and phylogenetic analyses of the combined nuclear sequences showed moderateto-strong support for all 7 major nodes in the tree (black circles in Fig. 3C ).
Morphometric analyses.-One variable (MTR) departed significantly from normality based on a KolmogorovSmirnov test (P , 0.05). This variable was removed from the MANOVA but was included in the PCA and DFA because these analyses are robust to deviations from normality not caused by outliers (Tabachnick and Fidell 1996) . MB was removed from analyses so that we could include 1 specimen of O. lanius (FMNH 14062) that was missing this character. The PCA of transformed data resulted in a single factor with an eigenvalue . 1.0 that accounted for 77.0% of variation in the data set. Examinations of a histogram of principal component 1 (PC 1) scores and a plot of PC 1 versus PC 2 scores (not shown) were not informative for identification of any of the species or subspecies included in the analysis.
A 1-way MANOVA performed on the untransformed morphometric data for O. lanius (including the holotype, paratype, and our specimens from localities 1 and 2 [ Fig. 1 A DFA of the specimens of O. lanius and the 11 subspecies of O. hispidus generated 2 canonical discriminant functions (DFs) with eigenvalues . 1.0 together explaining 71.0% of the total variance (Table 2) . Most variables had strong positive (NL, MTR, ONL, OIL, and RW) or negative (DIA, ZB, and LM12) loadings on DF 1, indicating a strong overall influence of size. ONL, DIA, NL, and MTR had strong positive loadings on DF 2, and OIL and CW had strong negative loadings DF 2. Examination of the 2 DFs showed broad overlap among the 11 subspecies of O. hispidus (Fig. 4A) . Overall, 64% of the individuals were classified correctly into their a priori groups: 100% of individuals of O. lanius, and 33-100% of individuals in the 11 subspecies of O. hispidus.
All individuals of both species were classified correctly by the single DF generated in a DFA of O. lanius and O. hispidus ( Table 2 ; Fig. 4B ). DIA, ZB, and ONL had high, positive loadings, and OIL and CW had high, negative loadings on DF 1.
Specimens of O. lanius are significantly larger than O. hispidus for all cranial measurements and are significantly larger than all subspecies of O. hispidus for all variables except NL, DIA, and the dental characters (MTR, LM12, and LM3; Tukey's honestly significant difference test, P , 0.05). When adjusted for size by comparing ratio data (divided by ONL), specimens of O. lanius are relatively larger than O. hispidus only for RW, IOC, ZB, CW, and MB, and are relatively smaller (P , 0.10) for DIA.
DISCUSSION
The high level of Cytb similarity between the 109-year-old paratype specimen of O. lanius (FMNH 13836) and the 2 recently captured specimens of Orthogeomys sp. (CNMA 46463 and 46483; 0.3% Cytb divergence) leaves little doubt that the 3 specimens would be considered conspecific if they lived contemporaneously. Equally high levels of similarity in craniometric (Fig. 4) and exomorphological (body size, pelage color, and density) characters among these 3 specimens and the holotype of O. lanius (FMNH 14062) strengthen our conclusion that O. lanius, unknown to science for more than a century, still exists in the mountains of western Veracruz, Mexico.
The species status of O. lanius is strongly supported by the molecular and morphological results of this study. The 5 specimens of O. hispidus included in the study, which range from northern Mexico to Honduras, are more closely related to each other than any of these specimens is to O. lanius (Fig. 3) , despite the close geographical proximity of known populations of O. lanius and O. hispidus (e.g., Fig. 1 , localities 2 and 5, respectively). Genetic divergence within the geographically widespread O. hispidus (0.8-3.5% Cytb divergence [ (Fig. 4) , and the species are easily distinguished in the field on the basis of obvious exomorphological features. 3C ) and independent analyses of the nuclear genes bfib and IRBP provided moderate-to-strong support for monophyly of Orthogeomys given the taxa included in this study. Although this study focused on O. lanius and did not include 4 of the 9 living species of Orthogeomys, all phylogenetic analyses of Cytb and both nuclear genes, whether examined independently or together, supported monophyly of each of the Orthogeomys subgenera (Orthogeomys, Heterogeomys, and Macrogeomys [ Fig. 3 -Peel et al. 2007) , and large amounts of rain (approximately 1,600 mm/year) fall year-round on the eastern slopes in this region because of adiabatic cooling and condensation from the trade winds that bring moisture off the Gulf of Mexico. Fog and low cloud cover are common in this region, and autumn and winter bring mild freezes and light snow. Our field observations suggest that O. lanius is absent in regions where widespread deforestation has given rise to large agricultural fields (such as the plateau between localities 1 and 2 in Fig. 1 ), but we found O. lanius in areas subjected to smaller-scale agriculture, where the species occupies patches of brushy and wooded habitat too steep or rugged to cultivate. Although burrows of O. lanius were found near cultivated fields in steep terrain at locality 1, no burrows were observed in the fields themselves. Nothing is known about reproduction in O. lanius, but both female specimens we collected in late May and early June were parous adults and had 2 pectoral and 4 inguinal mammae.
At present, O. lanius is known from only 2 localities in western Veracruz (localities 1 and 2 in Fig. 1 ). It is likely that the small town located at 18.8868N, 97.2378W (variously called Súchil Magueyes, El Xuchitl, or San José Súchil, depending on the map used [ Fig. 1 (Fig. 1) , but it appears that T. umbrinus, which is found commonly in open areas below 2,500 m, has little distributional or habitat overlap with O. lanius. Our fortuitous rediscovery of O. lanius, which is listed as ''critically endangered'' on the IUCN Red List (IUCN 2013), is a welcome occurrence in this age of widespread habitat destruction and extinction. Our observations, supplemented by information obtained from local farmers, suggest that O. lanius is reasonably abundant along the eastern versant of the mountain range dominated by Pico de Orizaba. This region is sparsely populated by people who farm small plots of land where they frequently encounter native animals. When asked about pocket gophers (''tuzas''), most farmers eagerly described a ''large, black pocket gopher'' (spreading their hands to indicate its 300-to 400-mm length), and several farmers offered to show us where they occurred. This is how we found both localities of O. lanius (1 and 2 in Fig. 1 ). Because no other species of large, black pocket gopher with thick, woolly pelage occurs within 200 km of this region (O. grandis in central Oaxaca is the nearest), a survey of the farmers in this region would provide a quick and reasonably reliable approximation of the current distribution of O. lanius. Farmers are unlikely to mistake the brown and sparsely haired O. hispidus for O. lanius. Fortunately, a large portion (approximately 200 km 2 ) of the suspected geographic range of O. lanius is already protected as a national park (Parque Nacional Pico de Orizaba).
RESUMEN
La tuza Orthogeomys lanius (Elliot, 1905) , desconocida para la ciencia desde que los 2 primeros ejemplares fueron capturados en 1904, se redescubrió en montañas del sur y este del Pico de Orizaba en Veracruz, México. El DNA mitocondrial extraído de la piel de el ejemplar paratipo de 109 años de antigüedad es casi idéntico (0.3% de divergencia en el gen citocromo b) al que se extrajo de 2 ejemplares capturados recientemente. El análisis filogenético del gen citocromo b completo y 2 genes nucleares mostró que O. lanius es la especie hermana de O. hispidus, especie ampliamente distribuída. O. lanius tiene un número cromosómico diploide de 44, un número fundamental de 84 y se distingue fácilmente de O. hispidus por su mayor tamaño y pelaje más largo y denso. Nuestras observaciones sugieren que O. lanius es relativamente abundante en un área de aproximadamente 1,000 km 2 de la región central de Veracruz, donde persiste en refugios boscosos por lo regular muy inclinados y de superficie irregular para ser utilizados como campos agrícolas.
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